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METHOD OF CONTROLLING IRON IN 
PRODUCED OILFIELD WATERS 

BACKGROUND OF THE INVENTION 

The present invention relates to processes for con 
trolling the deposition of iron oxides from produced oil 
?eld waters. More particularly, the present invention 
relates to the use of water soluble polymeric com 
pounds to keep iron oxide particles in produced water 
suspended. 

Oil ?eld produced water is generally saline and often 
contains signi?cant amounts of dissolved solids, sus 
pended debris from corrosion or the oil-bearing forma 
tion, and soluble metals such as iron. Commonly em 
ployed control chemicals such as phosphonates, phos 
phate esters, and a variety of low molecular weight 
vinyl polymers can help present massive deposition due 
to the scales such as calcium carbonate, calcium phos 
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phate and calcium sulfate. The dispersing capability of 20 
some polymers can keep small particulate matter from 
settling in lines, tanks and other ?ow areas. Iron, which 
normally enters the produced water systems as the solu 
ble Fe2+ species, can precipitate as the iron (hydr)oxide 
(a mixture of iron oxides and iron hydroxides). This 
precipitation, if allowed to go unchecked, can result in 
?ow restriction or line blockage. Ultimately, concentra 
tion cells can develop under these deposits and general 
ized or pitting corrosive attack occurs. 

Various systems have been developed in other scien 
ti?c ?elds to control or stabilize iron (hydr)oxide in 
aqueous systems. Such-a system is disclosed in U.S. Pat. 
No. 4,869,828 assigned to Nalco Chemical Company. 
That system involves treating the aqueous system with 
from 1.0 to 50 ppm of a water soluble polymer having a 
molecular weight of from 5,000 to 100,000. The poly 
mer contains from 5 to 85 mole percent pendant N-sub 
stituted amide functionality units and from 15 to 95 
mole percent of acrylic acid units or a mixture of acrylic 
‘acid and (meth)acrylarnide units. The N-substituted 
amide functionality includes amide substituted with 
sulfoalkyl. 
As iron precipitates, it is believed that most of such 

precipitate is composed of ferric oxide and ferric hy 
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droxide, wherein the iron is in its oxidation state of 45 
three, referred to as “iron (III)”. For purposes of the 
present invention, the relative proportions of the pre 
cipitate between ferric oxide and ferric hydroxide is not 
important nor does it matter whether some, or even all, 
of the iron precipitate is ferrous oxide or ferrous hy 
droxide. Hence, the iron precipitate which is generally 
a mixture of ferric oxide and ferric hydroxide, possibly 
with some ferrous species therein, will be referred to 
hereinafter as iron (hydr)oxide. It is also to be under 
stood that the term iron (hydr)oxide includes any and 
all hydrated forms of such oxides and hydroxides. 
As petroleum products are produced from ?elds hav 

ing-high concentrations of iron in the produced water, it 
is important that a suitable process be developed for 
controlling deposition of iron precipitates. Addition 
ally, if these ?elds are located in arctic areas, it would be 
important to develop a process in which the additive 
could withstand low temperatures. Such a process is 
disclosed and claimed herein. 

SUMMARY OF THE INVENTION 

The present invention provides a process for the 
stabilization of iron (hydr)oxides, deposits or precipi 
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tates in’ produced o_il ?eld water piping. The process 
involves the addition to the produced oil ?eld waters of 
a water soluble sulfonated polyacrylate at a rate greater 
than about 6 parts by weight polymer to 10 parts by 
weight iron in the produced water. 

In a preferred embodiment, the sulfonated polyacryl 
ate comprises a polymer containing pendant N-sub 
stituted amide functionality having the chemical for 
mula of Formula 1: 

Formula I O R] 
ll 

wherein R1 is hydrogen or alkyl, R is alkylene having I 
to 3 carbon atoms or phenylene, X is sulfonate, and the 
alkylene and phenylene may be further substituted with 
hydroxy. 

In preferred embodiment the pendant N-substituted 
amide functionality is within polymer units having the 
chemical formula of Formula II: 

II R1 Formula II 

I 

rr-a-x 
Ri 

wherein R’ is hydrogen or methyl and R, R1, and X are 
as de?ned above for Formula I. 

In one preferred embodiment, such N-substituted 
amide-containing polymer is a polymer substantially 
derived from ethylenically unsaturated amide-contain 
ing and carboxylate-containing monomers, subjected to 
post-polymerization derivatization wherein some or all 
of the amide functionality is converted to N-substituted 
amide functionality according to Formulas I or II 
above. 
These and other preferred embodiments of the pres 

ent invention are described in more detail below. 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

The polymer employed in the present invention may 
be one containing units of sulfomethyl acrylamide, sul 
fomethyl methacrylamide, sulfoethyl acrylamide, sulfo 
ethyl methacrylamide, sulfopropyl acrylamide, sulfo 
propyl methacrylamide, hydroxysulfoethyl acrylamide, 
hydroxysulfoethyl methacrylamide, hydroxysulfopro 
pyl acrylamide, particularly Z-hydroxyJi-sulfopropyl 
acrylamide, hydroxysulfopropyl methacrylamide, sul 
fophenyl acrylamide, sulfophenyl methacrylamide, hy 
droxysulfophenyl acrylamide, and hydroxysulfophenyl 
methacrylamide, it being understood that where the 
unit as designated includes isomers, such as the designa 
tion hydroxysulfophenyl acrylamide, all reasonable 
isomers thereof are included. 
The polymer employed in the present invention con 

tains units derived from acrylic acid and methacrylic 
acid as the carboxylate containing monomers, although 
such carboxylate functionality may be derived from 
other carboxylate containing monomers such as maleic 
anhydride or acid, itaconic acid, and the like. It has been 
demonstrated that the process of the present invention 
is extremely effective using polymers wherein the car 
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boxylate functionality is derived from acrylic acid, but 
the use of other carboxylate-containing ethylenically 
unsaturated monomers is believed to' provide a similarly 
active polymer. The term carboxylate as used herein 
includes the acid form and its alkali metal and ammo 
nium salts. 
The polymer employed in the present invention may 

be substantially a copolymer of N-substituted amide 
units and carboxylate-containing units, or in another 
embodiment it may be substantially a terpolymer that 
further contains unsubstituted amide units. In such lat 
ter instance, the unsubstituted amide units are prefera 
bly derived from the monomers acrylamide and meth 
acrylamide. 
The polymer employed in the present invention may 

contain mixtures of the above described N-substituted 
amide units or carboxylate-containing units, or unsubsti 
tuted amide units, or the polymer employed may be a 
mixture of polymers varying as to their N-substituted 
amide units or carboxylate-containing units, or unsubsti 
tuted amide units, and varying as to their molecular 
weights. 

In the preferred embodiment, the polymer employed 
in the present invention has a mole ratio of 5 to 85 moles 
of the N-substituted amide functionality-containing 
units to 15 to 95 moles of other units. In a further pre 
ferred embodiment, such polymer has a molecular 
weight of from about 5,000 to 100,000. In another pre 
ferred embodiment, the polymer employed in the pres 
ent invention is substantially a copolymer having a mole 
ratio of 5 to 75 moles of the N-substituted amide func 
tionality-containing units to 25 to 95 moles of carboxy 
late-containing units. 

In another preferred embodiment, the polymer em 
ployed in the present invention is substantially a ter 
polymer having a mole ratio of from about 5 to about 85 
moles of the N-substituted amide functionality-contain 
ing units, to from about 10 to about 90 moles of car 
boxylate-containing units, and from about 5 to about 85 
moles of unsubstituted amide-containing units. In a fur 
ther preferred embodiment, such terpolymers have a 
molecular weight of from about 5,000 to 100,000. In a 
more preferred embodiment, the polymer is substan 
tially a terpolymer having a mole ratio of units of from 
about 5 to about 70 moles of the N-substituted amide 
containing units, to from about 20 to about 85 moles of 
the carboxylate-containing units, to from about 5 to 
about 60 moles of the unsubstituted amide-containing 
umts. 

In still another preferred embodiment, the polymer is 
substantially a copolymer having a mole ration of units 
of from about 5 to about 50 moles of the N-substituted 
amide-containing units, to from about 50 to about 95 
moles of the carboxylate-containing units. . 

In another preferred embodiment, the polymer is a 
copolymer or terpolymer having a mole ratio of units of 
from about 5 to about 50 moles of the N-substituted 
amide-containing units, to from about 40 to about 85 
moles of the carboxylate-containing units, to from 0 to 
about 50 moles of the unsubstituted amide-containing 
units. In a further preferred embodiment, the polymer is 
substantially a terpolymer having a mole ratio of units 
of from about 5 to about 50 moles of the N-substituted 
amide-containing units, to from about 40 to about 85 
moles of the carboxylate-containing units, to from about 
10 to about 50 moles of the unsubstituted amide-contain 
ing units wherein the polymer has a molecular weight 
from about 5,000 to about 50,000. 
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In further preferred embodiments, the polymer em 

ployed in the present invention is an acrylic acid/sul 
fomethyl (meth)-acrylamide copolymer; acrylic acid/ 
sulfoethyl (meth)acrylamide copolymer; acrylic acid/ 
sulfopropyl (meth)acrylamide copolymer; acrylic 
acid/(meth)acrylamide/sulfomethyl(meth)acrylamide 
terpolymer; acrylic acid/(meth)acrylamide/sulfoethyl 
(meth)acrylamide terpolymer; acrylic acid/(meth)a 
crylamide/sulfopropyl (meth)acrylamide terpolymer; 
acrylic acid/(meth)acrylamide/2-hydroxy-3-sulfopro 
pyl (meth)acrylamide terpolymer; or acrylic acid/ 
(meth)acrylamide/sulfophenyl (meth)acrylamide ter 
polymer. 

In other preferred embodiments, the polymers em 
ployed in the present invention are terpolymers of 
acrylic acid and (meth)acrylamide with either sul 
fomethyl (meth)acrylamide or sulfoethyl (meth)acryla 
mide, having mole ratios of from 40 to 85 moles of 
acrylic acid, to from 10 to 50 moles of (meth)acryla 
mide, to from 5 to 40 moles of sulfomethyl (meth)a 
crylamide or sulfoethyl (meth)acrylamide, and prefera 
bly such terpolymers have a molecular weight of from 
about 10,000 to about 40,000. 
The polymeric compositions used in the present may 

be prepared by the molecular modi?cation of a preexist 
ing polymer chain of suitable length so as to incorporate 
a sulfonate substituent, as distinguished from attempts to 
build up a suf?ciently large polymer from sulfonated 
monomers. One post-modi?cation procedure is the re 
action of an amide-containing polymer, such as an 
acrylamide- or methacrylamide-containing polymer, 
and a selected aminosulfonic acid. This reaction is be 
lieved to proceed by a transamidation mechanism. Such 
aminosulfonic acids include aminomethanesulfonic 
acid, l-amino-Z-hydroxy-3-propanesulfonic acid, 2 

‘ aminoethanesulfonic acid (taurine), 4-aminobenzenesul 
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fonic acid (p-sulfanilic acid), and 3-aminobenzenesul 
fonic acid (metanilic acid). In addition, the alkali metal 
salts of these acids may be used in the preparation of the 
polymers used in the present invention. The selected 
aminosulfonic acid is advantageously added to a water 
solution of sodium hydroxide and the amide-containing 
polymer reactant, and the resultant mixture is then 
heated in a pressure reactor to a suitable temperature, 
such as 150'’ C., for a suitable length of time, such as 4 
to 5 hours, after which the mixture is cooled and then 
either concentrated or dewatered to recover the ad 
duct. Sulfomethylamide polymers can also be prepared 
by reacting a polyamide, such as an acrylamide-contain 
ing polymer, with formaldehyde-bisul?te or with ami 
nomethane sulfonic acid at a suitable temperature, such 
as 150° C., for a suitable length of time, such as 4-5 
hours. 

EXAMPLE 1 

Polymer Preparation 
A mixture of poly(acrylamide (50 mole %]-acrylic 

acid) (150 g 31.5% solution in water., Mw 55,700); 
taurine (16.7 g); and sodium hydroxide (10.6 g 50% 
solution in water) was heated in a mini Parr pressure 
reactor at 150° C. for four hours. The reaction mixture 
was then cooled to room temperature. The molecular 
weight of the resulting polymer, determined by GPC 
using polystyrene sulfonate standard, was 56,000. The 
composition of the polymer was determined both by 
C-l3 NMR and colloid ~titration and was found to con 
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tain about 50% carboxylate, 31% primary amide, and 
19% sulfoethylamide. 

EXAMPLE 2 

Polymer Preparation 
A mixture of poly(acrylamide (75 mole %]-acrylic 

acid) (150 g of 27.5% solution in water); sulfanilic acid 
(20.5 g); sodium hydroxide (9.3 g of 50% solution); and 
10.5 g of water was heated in a mini Parr pressure reac 
tor at 150° C. for ?ve hours. The reaction mixture was 
thereafter cooled to room temperature. The molecular 
weight of the resulting polymer was 11,500 as deter 
mined by GPC using polystyrene sulfonate standard. 
The polymer contained about 5% sulfophenylamide, 
47.5% primary amide, and 47.5% carboxylate as esti 
mated by C-l3 NMR. 

EXAMPLE 3 

Polymer Preparation 
A mixture of poly(acrylamide [75 mole %) -acrylic 

acid) (150 g of 27.5% solution in water); aminomethane 
sulfonic acid (13.2 g); and sodium hydroxide (10.2 g of 
50% solution) was heated in a mini Parr pressure reac 
tor at 125° C. for four-and-a-half hours. The reaction 
mixture was thereafter cooled to room temperature. 
The molecular weight of the resulting polymer was 
15,900 as determined by GPC using polystyrene sulfo 
nate standard. The polymer contained about 45% 
acrylic acid, 40% acrylamide, and 15% sulfomethyla 
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29.58 g. Anhydrous Na2SO4 
295.46 5. NaCl 

5.35 g. CaClzlHzO 
65.72 g. MgClzbl-lzO 
4.40 g. NaHCO3 

After addition of the salts, deionized water was added ‘ 
to the 16.0 liter mark. The pH of the synthetic brine was 
7.88 and approximates degassed arctic brine. 
The effectiveness of the polymer of the present inven 

tion in stabilizing iron in arctic brine solutions was then 
tested by adding the appropriate volume of iron stabili 
zation solution as set forth in Table 1 to each of ten 
4-ounce glass bottles. One milliliter of the iron stabiliza 
tion solution equals about 12.5 ppm polymer. 

Next, approximately 50 ml of synthetic produced 
arctic brine was added. Then, 2.5 ml of the 1%“ stock 
solution was pipetted into each bottle to give a ?nal 
concentration of 50 ppm Fez-t. Finally, the bottles were 
?lled to a 100 ml mark with additional brine solution. 
Each bottle was then capped, shaken, and placed in a 

130° F. water bath for one hour. After removing the 
bottles from the bath, they were shaken and turbidity 
and pH values were determined. The contents of each 
bottle were then quickly ?ltered through 0.4513. Mil 
lipore ?lters to remove any precipitated iron. Total 
soluble iron was then determined on the ?ltrate using 
inductively coupled argon plasma. 

30 The results of the tests are summarized in Table 1: 

TABLE 1 
STABILIZATION OF 50 PPM Fe2+ 

Fe2+ IN % 
PPM TURBIDITY, FILTRATE, STABILIZED 

TEST NO. POLYMER NTU PPM pH Fe 

l 0 97 12.9 4.63 25.8 
2 12.5 51 13.6 4.88 27.2 
3 25 30 15.0 5.36 30.0 
4 31 6.9 34.6 5.27 69.2 
5 37.5 3.3 36.4 5.30 72.8 
6 44 3.0 35.9 5.44 71.8 
7 50 1.9 36.7 5.30 73.4 
3 56 L3 37.2 5.27 74.4 
9 62.5 0.7 37.7 5.31 75.4 
10 69 0.8 36.9 5.37 73.8 

crylamide as estimated by 013 NMR. 

EXAMPLE 4 

An iron stabilization solution was prepared by mixing 
65 parts of the polymeric solution of Example 1 (38.4% 
solution of polymer in water) with 35 parts of ethylene 
glycol. The resulting 25% polymer solution was further 
diluted by adding 5 grams of the solution to a 1.00 liter 
volumetric flask and diluting to the mark with deion~ 
ized water. 
A stock solution of Fe2+ was prepared by adding 

9.9608 grams of reagent grade FeSO4.7H2O to 100 ml of 
deionized water in a 1.000 liter volumetric ?ask. Addi 
tional water was added until the total volume was ap 
proximately 900 ml. A solution of 0.1N H2504 was 
added dropwise with shaking until the pH of the solu 
tion was lowered to 3310.1. Finally, the iron stock 
solution was made up to the 1.000 liter mark with more 
deionized water. 
A synthetic arctic brine solution was prepared by 

adding the following reagents to a 5 gallon carboy: 
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As can be seen from the foregoing table, 50 ppm 
Fe2+ can be effectively stabilized with about 30 ppm 
polymer. Higher concentrations of polymer did not 
appear to signi?cantly affect the amount of iron stabi 
lized. Accordingly, in one preferred embodiment, the 
polymer is added at a rate greater than 5 parts by weight 
polymer to 10 parts by weight iron in the produced 
water. In a more preferred embodiment, the polymer is 
added at a rate greater than about 6 parts by weight 
polymer to 10 parts by weight iron in the produced 
water. 
As can be seen from the foregoing, the present inven 

tion provides an effective process for stabilizing iron 
(hydr)oxides in produced oil ?eld waters. While the 
invention has been described with respect to the pres 
ently preferred embodiments, it will be apparent to 
those skilled in the art that modi?cations or changes can 
be made without departing from its spirit or essential 
characteristics. Accordingly, all modi?cations or 
changes which come within the meaning and range of 
equivalency of the claims are to be embraced within 
their scope. 
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What is claimed is: 
1. A process for stabilizing iron (hydr)oxides in pro 

duced oil?eld waters comprising: 
adding to produced oil?eld water a water soluble 
polymer having a molecular weight of from 5,000 
to 100,000 which contains from 5 to 85 mole per 
cent pendant N-substituted amide functionality 
units having the chemical formula 

wherein R’ is hydrogen or methyl, R1 is hydrogen, 
R is alkylene having 1 to 3 carbon atoms or pheny 
lene, X is sulfonate, and said alkylene may be fur 
ther substituted with hydroxy, and 15 to 95 mole 
percent of acrylic acid units or a mixture of acrylic 
acid and (meth)acrylamide units, 

wherein said polymer is added to said produced 
water at a rate of about 6 parts by weight polymer 
to 10 parts by weight iron in said produced water. 

2. A process for stabilizing iron (hydr)oxides as de 
?ned in claim 1 wherein said polymer is contained in a 
solution containing ethylene glycol. 

3. A process for stabilizing iron (hydr)oxides as de 
?ned in claim 2 wherein said ethylene glycol concentra 
tion is 35 percent. 

4. A process for stabilizing iron (hydr)oxides as de 
?ned in claim 1 wherein said polymer contains about 50 
percent carboxylates, 31 percent primary amides, and 

5 

15 

25 

30 

35 

45 

50 

55 

65 

_ 8 

about 19 percent sulfoethylamide as determined by C-l3 
NMR. 

5. A process for stabilizing iron (hydr)oxides in pro 
duced oil?eld waters comprising: ' 

adding to produced oil?eld water a water soluble 
polymer having a molecular weight of from 5,000 
to 100,000 which contains from 5 to 85 mole per 
cent pendant N-substituted amide functionality 
units having the chemical formula 

HRI 

wherein R’ is hydrogen or methyl, R1 is hydrogen, 
R is alkylene having 1 to 3 carbon atoms or pheny 
lene, X is sulfonate, and said alkylene may be fur 
ther substituted with hydroxy, and 15 to 95 mole 
percent of acrylic acid units or a mixture of acrylic 
acid and (meth)acrylamide units, 

wherein said polymer is added to said produced 
water at a rate greater than 5 parts by weight poly 
mer to 10 parts by weight iron in said produced 
water. 

6. A process for stabilizing iron (hydr)oxides as de 
?ned in claim 5 wherein said polymer is added at a rate 
greater than about 6 parts by weight polymer to 10 parts 
by weight iron in said produced water. 

7. The process of claim 1 wherein R’ is hydrogen; R1 
is hydrogen; R is alkylene having 1 to 3 carbon atoms 
and X is sulfonate. 
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